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1 
This invention relates fo synthetic resins de- 
rived from furfuryl alcohol and formaldehyde and 
fo methods and steps of making the saine. 
It is well known in the arts that resins can be 
ruade from furfuryl alcohol and formaldehyde. 
tteretofore, however, when the resins prepared 
according fo the methods described in the prior 
art were advanced fo a stage beyond a viscous 
liquid a rubbery gel was obtained. 
In accordance with the present invention, solid, 
brittle, fusible and soluble resins are formed by 
heating furfuryl alcohol and formaldehyde in the 
presence of an acidic catalyst followed by neu- 
tralization and dehydration under a vacuum fo 
remove volatile components. As a modification 
of the invention, resins of similar characteristics 
may be produced by condensing furfuryl alcohol 
with itself. 
These new resins are useful in the preparation 
of solutions for protective coatings and varnishes, 
and for impregnating and laminating purposes, 
and as molding powders they may be used in the 
preparation of cast and molded products. In con- 
nection with the latter use, the resins may be 
used in conjunction with suitable fillers, such as 
cellulosic materials, asbestos fibers, glass wool and 
the like. When used for laminating purposes or 
in the preparation of cast and molded products 
the ability of the resin fo cure under alkaline or 
mildly acidic conditions is of particular value. 
lesins prepared from furfuryl alcohol and form- 
aldehyde in accordance with the disclosures given 
in the prior art must be cured af a ptt of about 
3 or less. Under such conditions of acidity cellu- 
losic flllers are attacked and weakened and metal- 
lic molds are stained. Since the resins prepared 
in accordance with my invention can be cured 
at a pI-I of 7 or more, those disadvantages are 
eliminated. Surface coatings containing the 
resins are particularly useful as a sealer or finish- 
ing coat for table tops of wood and similar 
terials and for wh'e. 
In carrying out the present invention, furfuryl 
alcohol and formaldehyde were heated in the 
presence of an acidic material ai temperatures 
which may vary from about 20 to 150 ° C. and for 
a period varying from /2 fo 5 hours or longer. 
The reaction product so formed is a viscous liquid 
which after neutralizing by the addition of an 
alkali fo a pli of about 4 fo 8 and dehydrating 
under a vacuum fo remove volatile components, 
yields a brittle, solid, ïusible and soluble resin. 
The resins so produced are soluble in acetone, 
mixtures of the lower aliphatic alcohols up 
and including isopropyl alcohol with benzene or 

2 
toluene, and partially soluble in ethyl acetate, 
alcohols alone, and aromatic hydrocarbons. If 
desired, curing catalysts such as hexamethylene- 
amine or a cation exchange resin may be added 
5 fo the mixture prior to dehydration. 
The yields of solid, brittle, fusible and soluble 
resins obtainable by the process of this invention 
are dependent fo a large extent upon the degree 
of advancement of the resin belote if is dehy- 
10 drated. As a general rule, the further the resin 
is advanced prior fo dehydration the greater the 
yield. The upper practical limit of the degree 
of advancement is dependent upon the control 
methods available, formaldehyde content and 
15 catalyst concentration. As a measure of advance- 
ment of the resin I depend upon viscosity deter- 
minations; however, when the proper degree of 
advancement is attained the resulting liquid resin 
is too viscous for viscosity determinations by 
20 means of a viscosimeter. I, therefore, resort to 
the so-called "string" method for viscosity meas- 
urement. In this method a portion of the resin 
prior to ifs neutralization is placed upon a cool 
plate, the surface of the resin touched with the 
25 finger, and then upon withdrawing the flnger 
vertically a "string" of resin is formed and the 
- more viscous the resin the greater the length 
of the string before if breaks. Following the fore- 
going procedure a resin which wfll produce a 
30 string of about /4 fo 18" or more is satisfactorfly 
advanced for my purposes. In accordance with 
my invention I bave obtained yields of solid, 
brittle, soluble, fusible resins up fo 95% based 
upon the quantity of furfuryl alcohol used. 
35 During initial condensation of furfuryl alcohol 
and formaldehyde I prefer fo use phosphoric acid 
as the catalyst, however, other mfld acidic cata- 
lysts may be employed. Examples include both 
organic and inorganic acidic materials, such as 
40 formic, lactic, maleic, oxalic, p-toluene sulphonic, 
and trichloracetic acids and inorganic acidic salts, 
such as boron fiuoride, ferric chloridei starmic 
chloride, etc. For neutralization of the resulting 
viscous resin any alkali may be used, but for con- 
45 venience I prefer aqueous sodium hydroxide. 
I bave round that the proportions of furfuryl 
alcohol and formaldehyde in makin.g the resin 
of the present invention may .be varied rather 
widely if desired fo meet any desired need in 
0 the final product as fo fiexi,bility, adhesiveness 
and hardness. Thus, for example, the amount 
of formaldehyde may vary from 0 fo 2 or more 
mol.es per mole of furfuryl alcohol. I bave round 
that although an excess of formaldehyde com- 
 pared fo furf.uryl alcohol speeds up the reaction 
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apparently net more than 0.6 mole of formalde- 
hyde condenses with one mole of furfuryl alco- 
hol; consequently, if an excess of formaldehyde 
is used, means for recovering unreacted formal- 
dehyde must be employed for economical reasons. 5 
Resins of a high formaldehyde content appear 
fo .cure more rapidly and more on the alkaline 
side than those containing little or no formal- 
dehyde. 
In order fo disclose the nature of the present 10 
invention still more clearly, the following fllus- 
trative examples will be .giron. If is to be un- 
derstood, however, that the invention is hot to 
be limited fo the speciflc condition or details 
set forth in these examples except insofar as 15 
such lirnits are specifled in the .a-ppended. claire. 
Parts given are parts by weight. 
EXAOePLE 1 
Furfuryl alcohol (490 parts) and Ïormalde- 20 
hyde (243 parts) as a 37 per cent formalin solu- 
tion were added to a reaction vessel equipped 
 with .a stirrer, therrnometer and reflux condenser. 
1.23 parts .of .phosphoric .acid was thon added 
as a 33 per cent .aqueous solution. After stirring 25 
for 30 minutes at room temperature, external 
laeat was .applied af such a rate that in 75 min- 
Utes a temperature of 100 ° C. was attained. The 
-mixture was refluxed for 2/2 hours during which 
rime the liquid darkened, became turbid and in- 30 
-creased in viscosity fo a one inch string. The 
-mixture vas allowed fo cool and thon 100 parts of 
'a 5% sodium hydroxide solution was added fo 
if -which gave a pli of 6.5 (hydrion paper). The 
mixture was thon dehydrated initially af slightly 35 
 educed pressure and flnally .under a pressure of 
7 mm. the temperature af no rime exceeding 155 ° 
C. The Field of resin was 423 parts or 86 per 
cent .bsed en the amount of furfuryl alcohol 
used. 40 
:EXAMPLE 2 
Furfuryl atcohol (520 parts) and phosphor.ic 
,acid (216 parts) as a 33 per cent aqueous solu- 
:tion were added fo a r.eaction vessel of the.same 
.type .as .used in Example 1. In this experiment 
.external heat was applied immediately fo the 
xeaction .vessel af such a rate that in one hour 
the temperature had tison fo 128 ° C. The con- 
.lents-were then allowed fo cool for 1/2 hours af 
which rime the temperature had dropped fo 100 ° 
C..which was maintained for about 4% hours. 
After cooling over night, the resulting resin gave 
a string .of about 1/2 ''. The resin was then 
heated to.107 ° C. for 7 hours which advanced if 
to a 10" string. Additional heating caused very 
little change in the viscosity of the resin..One 
hundred parts of a 5 per cent sodium hydroxide 
solution was added giving a pli of 5. This resin 
was dehydrated, flrst at atmospheric pressure and 60 
hen nnder a vacuum (6 mm.) af a final tem- 
perature of 160 ° C. The yield of resin was 407.6 
part-or 78.5 per cent of the furÏuryl alcohol 
used. 
EïIVIPLE 3 65 
Furïuryl alcohol (490 parts) and ïormaldehyde 
(101 parts) as a 3ï per cent solution were added 
fo the reaction vessel fo which 3.06 parts oï a 35 
per cent solution oï phosphoric acid was added. 
The mixture was stirred at room temperature ïor 70 
15 minutes and thon external heat was applied 
af such a rate that over a priod oï one hour 
the temperature rose fo 100 ° C. Aïter refluxing 
ïor 3/2 hours the resulting resin gave a 4' string. 
A five per cent sodium .hdroxide solution as 75 
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thon added until a pli of 7 was attained. The 
resulting resin vas thon dehydrated flrst af at- 
mospheric pressure and thon under a high vac- 
uum (8 mm.) af a final temperature of 148 ° C. 
Four hundred twenty-three parts of resin was 
obtained which is equal fo 86 per cent based on 
the amount of furfuryl glcohol used. A mixture 
consisting of 10 parts of the foregoing resin, one 
part hexamethyleneamine and sodi.um hydroxide 
fo .give a pt-I of 13 had stroke cure of 45 seconds. 
IThe stroke cm'e has been deflned as the rime 
required for a resin to convert from a fusible 
or liquid condition at a deflnite temperature while 
being stroked with a spatula to a condition ai 
whih the spatula either no longer sticks fo the 
resin or slides over if with relative ease. In 
practice aout 2 cc. of the resin is placed on 
a hot plate, the temperature of which is ad- 
justed to 145°-150 ° C., and stroked (approxi- 
mately 90-100 strokes per minute) with the fiat 
side of a spatula fo smooth the resin into a 
square 2 fo 3 inches on a side. The rime in 
seconds for the resin fo start fo become stringy 
or gummy and the cure rime are recorded. 
EXAMPLE 4 
Furfuryl alcohol (250 parts) and Ïormaldehyde 
(414 parts) as a 37 per cent solution and 2 parts 
of phosphoric acid were added to the reaction 
vessel and mixed af room temperature. After 
one hour external heat was apptied af such a 
rate that in a period of 2/2 hours a temperature 
of about 100 ° C. was attained. The mixture was 
then refluxed for an additional 2% hours dur- 
ing which rime it developed a 2" string. Ume- 
acted formaldehyde was measured which indi- 
cated that only 0.6 mole of formaldehyde had 
been consumed per mole of furfuryl alcohol. The 
resulting resin was neutralized and washed, ,but 
during the latter process it advanced too far as 
if gelled after 15 minutes of dehydration. 
E3çLE 5 
The procedure of Example 4 was repeated 
45 with the exception that if was neutralized more 
carefully to a pli of 7. After dehydrating :an 
houï af atmospheric pressure and up fo 100 ° C. 
and then for flve minutes af the saine temper- 
atm'e under slightly reduced pressure, 23.4 parts 
50 of a resin was obtaind. This represented a .95 
per cent yield based on the amount of furfuryl 
alcohol .used. 
EXA]OePLE 6 
55 Formldehyde (973 parts), of a 37 per centsolu- 
tion and 18 parts of a 33 per cent solution :of 
phosphoric acid were placed in the reaction 7esael 
and heated to 85 ° C. and while.at that temperature 
2000 parts of furfuryl alcohol was added over .a 
period of 2 hours. The temperature was thon 
raised to 97 ° C. over a period of 1/4 .hours and 
held af that temperature for 2.hours. The.resin 
so produced developed a 1" string. Portions of 
the resin were removed and neutralized fo various 
pi-Fs after which each was .dehydrated. The 
sample of which the pI-I was adjuste.d to 3.5 and 
dehydrated under a vacuum for % hour at .147 ° 
C. produced an insoluble gel. Another sampl.e0f 
the resin, th pI-I of which had been adjuste_d fo 
3.9 was .dehydrated under .a vacuum for 1 hours 
af 145 ° C. This gave a brittle soluble resin. 
Likewise, a sample the pI-I of which .had .bn 
adjusted to 4.0 and thon dehydrated undeï a 
vacuum for 1/2 hours at 150 ° C. gave a brittle 
soluble resin. A sample, .the pli of which had 
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been adjusted fo 8.2 and dehydrated for % of an 
hour af 140 ° C. gave a brittle soluble resin. 
Samples of the resin, the pH's of which had been 
a.djusted fo 8.9 and 9.5 produced an insoluble gel 
when they were dehydrated. 
EXA1VIPLE 7 
Formaldehyde (414 parts) and phosphoric acid 
(2 parts) were added fo the reaction vessel and 
heated fo 86 ° C. ai which temperature 250 parts 10 
of furfuryl alcohol was added over a period of ½ 
bout. The resulting solution was heated fo about 
98 ° C. and held af that temperature for 2 hours 
after which the resulting product developed a 1" 
string. Sodium hydroxide as a 5 per cent solu- 15 
tion was then added fo adjust the pli fo 5.3. The 
resulting resin was dehydrated for 12 minutes 
under atmospheric pressure af a temperature of 
130 ° C. and then for 15 minutes af 6 mm. pressure 
and a temperature up fo 150 ° C. 151.7 parts of 20 
resin was produced which represented a yield of 
61 per cent based on the amount of furfuryl alco- 
hol used. The resulting resin and sodium hy- 
droxide fo give a ptt of 10.5 possessed a stroke 
cure of 45 seconds. 25 
EXAMPLE 8 
Formaldehyde (195 parts) and approximately 
3 parts of phosphoric acid were mixed af room 
temperature in the reaction vessel, heated fo 80- 
30 
90 ° C. and then af that temperature about 350 
parts of furfuryl alcohol was added over a period 
of 45 minutes. The mixture was heated ai reflux 
temperature and held af that temperature until 
the desired string was attained as noted below. 
After refluxing for the desired period of rime, 
aqueous sodium hydroxide was added to the mix- 
tures fo adjust the pI-I fo 5. The products ob- 
tained by refluxing the mixtures for 1¼, 1%, 2% 
and 3½ hours gave a string of 0", /4", 12" and 
4O 
over 18", respectively. A brittle soluble resin 
was obtained after neutralizing and dehydrating 
each of the foregoing products with the exception 
that a rubbery gel was obtained from the sample 
which failed fo give a string. A mixture con- 
45 
sisting of 10 parts of this final resin; one part 
hexamethyleneamine and sufficient sodium hy- 
droxide fo give a ptt of 10 had a stroke cure of 45 
seconds. Acidifying this mixture with maleic 
acid fo a ptt of 3 caused the stroke cure fo be 0 
increased fo 1 ½ minutes. 
EXA1VIPLE 9 
In this example, three plywood panels were 
coated with a varnish consisting of the resin of 
Example 8 which produced the 18" string before 5 
neutralizing and dehydrating dissolved in an equal 
weight of an alcohol-benzene solution in the 
presence of the addition products listed below. 

Paner number 1 
Parts 
Varnish ................................. 20.0 
I-Iexamethyleneamine .................... 1.0 
Maleic acid .............................. 0.5 
Panel number 2 
Parts 
Varnish ................................. 20.0 
Maleic acid as a I per cent solution ........ I0.0 
Paner number 3 
Parts 
Varnish ................................. 20.0 
pli adjusted fo I0 by the addition of 0.5 N NaOI-I 
in 90 per cent methyl alcohol. 
The foregoing panels were baked for a period 
of 4 hours af 55 ° C., 2½ days af 100 ° C., and then 
3 ½ hours af 150 ° C. The resistance of the coat- 
ings fo strong alkali and strong acid wa.s tested 
by placing a pellet of sodium hydroxide with a 
drop of water on each panel and af another spot 
on each panel a drop of 37 per cent hydrochloric 
acid. After 3 days the alkali and acid were re- 
moved. The coatings were unaffected. 
I claire: 
The method for producing a solid and fusible 
resin which comprises heating about 350 parts 
furfuryl alcohol and about 195 parts of a 37 per 
cent aqueous formaldehyde solution at reflux tem- 
peratures in the presence of water and a 
phosphoric acid catalyst until a viscous resin 
possessing a viscosity capable of producing about 
an 18 inch string is obtained, adjusting the 
of said viscous resin fo a value of 4 to 8 by addi- 
tion of alkali thereto and then dehydrating the 
resulting product af a temperature of between 
100 ° fo 160 ° C. and a pressure of between 6 mm. of 
mercury and atmospheric. 
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